Abstract -An experimental study has been conducted to get the behaviour of Self-Drilling Anchors in sandy slope. Some set of experiments were conducted by inserting single anchor and then the experimental results are validated with FEM software Phase 2 . A parametric study has also been conducted on a real slope in Guwahati, India with Phase 2 software for getting optimised angle of inclination of anchors, length of embedment and Surcharge etc. and the effect of these parameters were noticed on factor of safety of the slope. The slope has also been analysed under pseudo static conditions to check the efficiency of the anchors for hilly slopes situated in earthquake prone areas.
Introduction
Soil anchoring is a method of reinforcing the soil with steel bars which is somewhat similar to soil nailing technology [4] The purpose of inserting anchors/nails is to increase the tensile and shear strength of the soil and restrain its displacements. The self-drilling anchors are used for reinforcing the soil and these are directly driven into the soil and thereafter slurry is injected within the anchor body, to make it like a grouted anchor.
The methodology of design for slope stabilization with steel bars had been developed since the 1980s ( [2] ; [5] ; [1] ; [6] , [3] ). [2] performed a theoretical study to determine the optimum orientation of anchors for stabilization of slopes by employing the concept of surface loads. [1] provided a description of a procedure to evaluate the design of anchored flexible retaining structures, in which the coefficients of variation (c.o.v.) of pullout resistance of anchors in both cohesionless and cohesive soil were proposed. Previous studies on soil anchor have explored both theoretical methods of design [3] and experimental testing thereof in lab. These tests have explored various parameters and their effects on the different properties of soil anchors.
In the present research work, an experimental study has been conducted on slope model of 50 0 slope angle and 50 cm height, prepared in the laboratory in a steel tank of size 100 cm x 60 cm x 80 cm. An anchor was inserted at the centre of the slope face with embedded length as 0.8 times height of the slope. The behaviour of the slope is found in terms of settlement when the surcharge load is applied on the crest of the slope. The slope model has been validated in FEM software Phase 2 which shows that the experimental results are in good agreement with the FEM results. A parametric study has been conducted on a real slope present in Guwahati, India, to assess the performance of Self drilling anchors for stabilisation of the slope. The results shows that the stability of the slope depends on various properties of the anchors, therefore it is necessary to take care of those parameters while stabilising any slope with the help of anchors.
Experimental Study
Preparation of slope: The slope (50 cm high) has been prepared in layers of 10 cm thickness, the sand is filled with rainfall technique in which the sand was allowed to freely fall from a height of 1 m through horizontal screens. Yellow colour dye is used between layers to visualise the displacement of the slope through the perspex sheet at one side of the tank and the moisture content of 6% is kept to ease the making of the slope. An iron sheet of 45 cm x 45 cm x 1.5 cm was placed in the middle of the crest to ensure the uniform surcharge loading on the slope. Figures 1 (a) and (b) below shows the sketch of the slope model.
After preparation of the slope, an anchor rod of 32 mm diameter with cutting bit of 50 mm dia shown in fig. 1 (c) is installed in the mid height of the slope by facing the cutting bit towards the slope face and then the anchor rod is inserted ICGRE 118-2 like screws in the wall till the required depth (0.8 H) has been achieved. Then for grouting, the hole in the anchor rod is filled with cement slurry at an ambient pressure with the help of manually operated grouting machine. Then the slope is left for 7 days for setting of the cement slurry inside the anchor and the soil body, so that the bonding between soil and the anchor and soil particles improves. Testing of the slope model: The model setup is tested for two cases i.e. in the presence and absence of cement slurry with angle of inclination of anchor (i) as 100. Surcharge load is given to the iron plate at the crest of the slope with the help of hydraulic jack and proving ring setup and the settlement corresponding to each load increment (at an interval of 0.25 kN) is noted down in 4 dial gauges kept at 4 corners of the plate. Table 1 below show properties of soil and anchors for the experimental testing. Figures 2 (a) and (b) show the cracks and the pattern of failure on the slope face for the anchor with cement slurry and without cement slurry respectively, cracks are less for (a) due to bonding between cement slurry and surrounding soil. 
FEM Modelling of the Slope
The experimental results are validated by its 2D FEM in Phase 2 software by taking Mohr-Coulomb's constitutive model for the soil and the anchors were modelled as steel bars by assigning diameter as 32 mm and Young's modulus of the anchor rod. The properties of the soil and anchors are taken from table 1.
Validation of Experimental Results
The experimental results are validated by its numerical modelling in Phase 2 in which the soil mass is divided into 6 noded triangular elements. The base of the slope is kept fixed in both x-y directions and the sides of the slopes were assigned roller boundary conditions (kept free in y-direction). Fig.4 below shows the boundary conditions, mesh discretisation, loading at the crest, geometry of the slope and position of the anchor.
The stress is applied to the model at the crest in units of kPa. The load applied to the experimental model has also been converted to kPa by dividing the load by plate area i. The comparison of the results shows that the displacement values of FEM models are 10 to 30% less than the experimental values, which may have happened due to the extra weight of the iron plate placed on the crest of the slope for ensuring the uniform distribution of the load coming from the hydraulic jack to the crest of the slope. It is found that Stress-displacement curves from experimental testing and FEM modelling are in accordance with slight variations.
Parametric Study
As the experimental results were found in agreement with the FEM modelling of the slope reinforced with anchors, therefore keeping the same assumptions and models used for FEM modelling of the slope, a parametric study has been conducted on FEM (Phase 2 ) model of a real slope present in Guwahati, India. In this study the factor of safety has been analysed using the shear strength reduction technique which allows to automatically perform a finite element slope stability analysis, and to compute a critical strength reduction factor for the model. Fig. 6 shows the model of the slope analysed without reinforcement of anchors, giving factor of safety as 1.02. Tables 2 and 3 below shows properties which were considered for parametric study. Figure 7 shows the FOS for the slope with anchors reinforced at an inclination of 15 0 . Table 4 below shows the results for variation in angle of inclination of anchor for Sv = Sh = 2 m and L/H = 0.7 for 14 number of anchors. Length of embedment of anchors: The length of embedment was varied in ratio of height of the slopes as 0.4 times of slope height, H to 0.8 times of the slope height. Table 5 shows the results for variation in Length of embedment of Anchors for Sv and Sh = 2 m and L=0.6H. Surcharge: As the crest of the slope may be utilised as Roadway, construction of Buildings, Reservoirs etc. therefore surcharge values from 20 kPa to 100 kPa were applied on the crest of the slope to get the behaviour of the slope under different surcharge loading. The results show that the anchor design with Sv and Sh = 2 m and L=0.6H is capable of handling the surcharge loads over the crest. Table 6 shows the values of FOS corresponding to each surcharge increment from 0 to 100 kPa. Spacing: Spacing between anchors were varied from 1 m to 2.5 m and the corresponding effect on FOS of the slope is noted. Horizontal and vertical spacing are kept same for an analysis. Figure 8 shows the variation with spacing at different L/H ratios. Number of anchors for different spacings are given in table 7 below: Pseudo static Force: To check the utility of the anchor design in the hilly regions prone to earthquake, the slope has been analysed for ah = 0.1, 0.15 and 0.2. 
Discussions
i) The experimental results shows increase in load carrying capacity of the slope when the slurry is used for grouting the anchor which caused strong bonding in soil particles surrounding anchor thereby decreasing the voids around periphery of the anchor as compared to anchor without slurry.
ii) The experimental results are in good agreement with 2D FEM results from Phase 2 software with slight variations due to the effect of weight of iron plate on the crest of the slope.
iii) Both experimental and FEM results shows that optimised angle of inclination of anchors is 15 0 with horizontal. iv) It is clear from the results that not only the spacing but L/H ratio also plays an important role in stability of anchored slopes. The combined effect of both gives better stability to the slope. v) If the slope crest is utilised for roadway, buildings etc., it is necessary to analyse the slope for external surcharge, the anchor design is suitable for stabilising the slopes undergoing higher surcharge loads. Also the anchor design is sufficient to handle seismic loads.
Conclusions
i) The perormance of anchor in sand is enhanced by grouting it with slurry. ii) Spacing of the anchors is an important parameter to consider while designing anchored slopes. L/H = 0.7 to 0.8 should be adopted to get best results.
iii) An angle of inclination of anchor = 15 0 with horizontal gives best results. It is recommended to adopt this angle while designing anchored slopes.
